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REMARKS 



Claims 9, 10 and 12-21 are pending in the subject application. 
Applicant has herein canceled claims 12, 16 and 20 without 
prejudice or disclaimer to applicant's right to pursue the 
subject matter of these claims in the future. In addition, 
applicant has amended claims 9, 14 and 18. Upon entry of this 
Amendment, claims 9, 10, 13-15, 17-19 and 21 will be pending. 

Support for the amendments to claim 9, 14 and 18 may be found, 
inter alia., in the specification at page page 1, line 39-page 
2, line 2; page 2, lines 6-13; page 11, lines 24-26; page 27, 
line 4-8; and page 28, line 35. 

Rejections Under 35 U.S.C. § 112 

Enabl em en t 

The Examiner rejected claims 9-10 and 12-21 as allegedly 
failing to comply with the enablement requirement. 
Specifically, the Examiner alleged that the specification, 
while enabling for methods of treating erectile dysfunction, 
in a penis, wherein the subject is suffering from vasculogenic 
erectile dysfunction, does not reasonably provide enablement 
for other forms of erectile dysfunction. The Examiner alleged 
that the specification does not enable any person skilled in 
the art to which it pertains, or with which it is most nearly 
connected, to make and or use the invention commensurate in 
scope with the claims. The Examiner asserted that the Art 
already well-recognized that vasculogenic erectile dysfunction 
was not the only form of erectile dysfunction and cited to 
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Melman et al . for erectile dysfunction due to smooth muscle 
tone. The Examiner further asserted that there is no 
connection that smooth muscle tone could be treated by 
vasculogenic affects on the corpora canvernosa and that the 
link simply does not exist in the Art. 

Applicant ' s response 

In response, without conceding the correctness of the 
Examiner's assertion, applicant has amended claim 1 to recite 
"vasculogenic erectile dysfunction". However, applicant 

respectfully notes that the specification, in light of the 
art, discloses that introduction of VEGF into the corpus 
cavernosa does have the potential to treat smooth muscle tone, 
as cited by the Examiner and that the term " vasculogenic" as 
used in the instant invention (see page 1, line 3 9 -page 2, 
line 2; page 2, lines 6-13; page 27, line 4-8; and page 28, 
line 35), encompasses the condition of smooth muscle tone. 

Specifically, the Examiner cited Melman, et al . which 
describes the mediation of smooth muscle tone as a major 
feature of the erectogenic process, which is in turn impacted 
by vasculogenic and neurogenic factors (Melman, et al . , see 
abstract) . Applicant respectfully points out that Rogers et 
al . , submitted previously in Amendment in Response to 
September 13, 2006 Final Office Action, presents 
experimentation which clearly shows improvement in smooth 
muscle tissue in castrated rats treated with VEGF; on page 35, 
the last paragraph of the right column recites, w ...we observed 
clear evidence of restoration of neural and smooth muscle 
integrity as well as hyperplasia and hypertrophy of 
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endothelial cells after VEGF treatment." (emphasis added). 
Moreover, the Examiner's assertion that there is no connection 
that suggests smooth muscle tone could be treated by 
vasculogenic affects on the corpora cavernosa is simply not 
true. Rogers, et al . further recites "...the penis is a 
predominantly vascular organ, and vascular insufficiency is 
the most common etiology of ED. Sinusoidal smooth muscle 
atrophy and collagen deposition are commonly found in men with 
long standing ED of various etiologies whether hormonal, 
neurological or vascular." (page 35, left column, first 
paragraph) ; "In addition, the penis is filled with billions of 
endothelial and smooth muscle cells , both of which are rich in 
VEGF receptors . " (page 35, left column, middle paragraph) 
(emphasis added). Furthermore, Rogers, et al . further 

suggests "...increased cavernosal neovascularity may lead to 
functional or structural changes in the nerve and smooth 
muscles . " (page 36, left column, top of page) (emphasis 
added) . 

In view of the art, the teachings of the specification (page 
1, lines 29-33; page 1, line 37 to page 2, line 2) would 
enable the Artisan to perform the method claimed without 
having to perform undue experimentation. Accordingly, 
applicant submits that the term "vasculogenic erectile 
dysfunction", as used in the instant invention, includes 
conditions such as smooth muscle tone and the claim, as 
amended, is enabled. Applicant respectfully requests the 
Examiner reconsider and withdraw the rejection. 
Rejections Under 35 U«S»C. § 103 



The Examiner rejected claims 8-21 under 35 U.S.C. 103(a) as 
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being unpatentable over Levine, et al . and U.S. Patent No. 
5,652,225 (Isner). The Examiner asserted that Levine et al . 
teaches that many people suffer erectile dysfunction due to 
Peyronie's disease, which includes problems with insufficient 
vascularization of the corporal tissue (i.e., the corpora 
cavernosa) . The Examiner acknowledged that Levine does not 
teach treating humans with plasmids of VEGF encoding 164/165, 
however the Examiner asserted that at the time of filing, 
Isner teaches injecting VEGF encoding nucleic acids for 
inducing angiogenesis , including the teaching of plasmids 
encoding VEGF 164/165. The Examiner alleged that it would 
have been obvious to treat a subject suffering from Peyronie's 
disease such as that disclosed by Levine because one of the 
deficiencies is due to insufficient blood flow and that 
treatment could be accomplished by injection of the corporal 
tissue with plasmids encoding VEGF 164/165. The Examiner 
further asserted that knowing the effect of VEGF on 
angiogenesis, the Artisan would do so to treat the disease by 
increasing vascularization and that the Artisan would have a 
reasonable expectation of success, as Isner taught that upon 
delivery of VEGF, increased angiogenesis would occur. 

Applicant ' s response 

In response, applicant points out that Peyronie's disease is 
well understood in the field as unrelated to vasculogenic 
erectile dysfunction; Peyronie's disease is a disorder of 
wound healing resulting in physical deformity. Specifically, 
Peyronie's disease u ...is characterized by local alteration in 
the collagen fibers of the tunica albuginea. Through the 
course of the disease, painless dense and fibrous plaques 
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develop in single or multiple sites in the tunica albuginea. 
Painful erections during the acute stage (...) and angulation of 
the erect penis toward the plaque during the chronic stage are 
common symptoms of the disease..." (Gefen, et al . , International 
Journal of Impotence, 2002, (14), 389-396; included herein as 
Exhibit 1, see page 389, left column, first paragraph). 

There is no teaching in the prior art that Peyronie's disease 
causes erectile dysfunction due to ''insufficient 
vascularization of the corporal tissue" . 

Given the divergent nature and complexity of Peyronie's 
disease, applicant's invention would not have been obvious to 
a person having ordinary skill in the art from the combination 
of Levine et al and Isner. To the extent erectile dysfunction 
observed in patients with Peyronie's disease, it is due to 
localized deformities induced by fibrous plaques (see Geffen, 
et al . , page 389, bottom of left column to top of right 
column) . There is simply no motivation to use an agent such as 
VEGF as a form of treatment; more importantly, nothing in the 
cited prior art predicts whether VEGF would treat Peyronie's 
disease . 

In addition there would not have been any expectation of 
success of treating one disease ( vasculogenic erectile 
dysfunction) based on Examiner's proposed solution to an art- 
recognized different disease (Peyronie's disease). 

Finally, it is not predictable based on the cited prior art that 
administration of VEGF would treat vasculogenic erectile 
dysfunction . 
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For the reasons cited hereinabove, applicant's invention as 
claimed is not obvious over the cited combination of prior art. 
Accordingly, applicant respectfully requests that the Examiner 
reconsider and withdraw the rejection. 

If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicant's 
undersigned attorney invites the Examiner to telephone him at 
the number provided below. 

No fee other than the $230.00 fee for a two-month extension of 
time is deemed necessary in connection with the submission of 
this Amendment. A check covering this amount is enclosed. 
However, if any other fee is required, authorization is hereby 
given to charge the amount of such fee to Deposit Account No. 



03-3125. 



Respectfully submitted, 



I hereby certify that this 
correspondence is being deposited 
this date with the U.S. Postal 
Service with sufficient postage as 
first class mail in an envelope 
addressed to: 




John P. *white 
Registration No. 28,678 
Gary J. Gershik 
Registration No. 39,992 
Attorneys for Applicants 
Cooper & Dunham LLP 
1185 Avenue of the Americas 
New York, NY 1003 6 
(212) 278-0400 



Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
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develop within its soft Ussu J du^re^^l J" — *■ "-haniKesYes ^hai 
simulations demonstrated stress concen^aKnn^ P"*ence of Peyronie s plaques. The models 
plaques. These stresses may irritate I?T ar ° md nerve roots ^ blood vessels duita TAp 
penile deformity and/o the vas ™'ar bedS thu^ cauS 

different biological o/artLKaSfcfo^ < % Br ^ to e,ab ° rat * the e^Tof 
Clinical applications of the present modJ r/^ ^ ° n ° f the P enis following plaque removal 
fisting in the drtwnfa^EtfJZj fSXSZZS*','**' eti °"°^ We So 
of patch material for penile reconstruction^ 8 ,hera P eutlc ">terventions and in the selection 

— no//ou w o/ ,_ fle _, (2002) 14 389 _ 396 

2SS£: pCe 6 ^^"^^-ion; numerica, mode.: finite element method; ti ssue 



Introduction 



for engorgement of the glans penis durto^lfecHon « 
proEresses'M,;."'^ ™ DU « , ? e «- A * Ihe disease ™ ,J orsal of the penis innervate the "dans 

tunic, ,1k, P " h<i oorsal/middle aspect of ihe „ lhu s support its function as a sensorv el 

arhW 0 / P f mS decre ases the capability to 
achieve a normal erection due to interferenr* If 
neural activity or obstruction of blood 3 S Tn 

Medication treatments of Peyronie rlicon.^ 
unpredictable and effective inTss than ^ ^ 
patients.- Controversies also exist re^din e thi 
optimal surgical approach. Surgery is^umfv t 
commended in long-term casesTwhich "he d^ease 

artificial m „* • 1 ^ , U1 s *m, saphenous vein or 
artificial material; and (ii) the Nesbit procedure 
which involves removal of the tissue from °ne side 
of the penis opposite the plaque in order to decrease 
or eliminate penile angulation during erection 10.I! 
The former method may result in partial loss of 



S^^^^ atect d o?l: 
tunica albuginea may ossify 12 Painfi.l ne^' 
durino thu m.t^ 1 ?' r amnjl erections 

naHiI?t«i S . ge (P romi "ent in 30-40% of the 
patients) and angulation of the erect penis toward 

nt.„? 1 "T adei > ual ely distributed (o obviate 
Se"^ Ufa?' b P eT« SUr,, T r. T" ortu'ht 

erection and. thereby, induce elevated mechanical 
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sometimes more efnVar.r»io *^ * s u *y- Anus, it is 

M- Skin grafting for instance. tends , J ™" 

and infection." J^ffi,^ ™« - 

graft has been reported. 1 

The mechanisms by which p PV mnio'o a- 
develops arp ^till n f eyronie s disease 

tion. 4 In the present study we utili^H thil 8 J , 

are curron.iy used dnring surgical inferWSs 
Methods 

77je biomechanical model of the penis 

(Figure la) np m !f, Md . the urethral channel 
vrigure la), the model was simplified bv excluH.no 

SniKit p s 0 m 8 !r um whose ~««3Si2S 

5»ignincantly smaller compared tn that fk 
cavernosa^ The geometry Kne So^l was ex SacS 
from a schematic cross-section through the Sle 
of the penis, and was scaled to rnnftLT ™. maie 
sions of 4 cm (lateral, by 3 cm 5«S^„^H?; 
pon.le soft tissues were assumed to be Se of 
homogeneous, isotropic, and linear elastic materf 
als. The median ca characteristic trZ u maten_ 
nent, that is the elastic : nSdSus „dS,? - ° m ^°* 
are given in an earlier work" 1SS ° n S ratl °' 



Dorsal Arte* 
Tunica Aibu^inea 



(a) 




Urethn 




(b) 

^"y\u^^SZ^ Y mSS ^ noa «he 
and (b) distribution of 1& components of the model: 

The constraints at the S I 68 dunne normal erection, 
on the top figure bounda "<* are marked by triangles 

The erectile pressure which is aoDlied tn th a 
inner boundary of the tunica nlh,, 0 it f the 

to be P £ p lumca fouginea was assumed 

is trie resistance strp<?«j n f tv.^ <:i: 
cavernosa tissue. Atm^mal aSu^S riSy 

^iooT oTThTTf , vo,ume is £ 

Whe, Wood oris 25 'th?^ -f^"* (TCC) - 
the corpora, voTume^ite' 5 ^SSSBc?-' 

^Sl a% th t 6 h C T US Ca --o-ftiss T u C e C is 
unstressed at V F , the characteristic stretch ratio J 

erecrion^can 10 ^^ if*" peniIe volJSS^ duSxg 
aTceS r C eSio b nshi 0 p btained ^ ^eneraUy 8 
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as tne cubic root of tht> rat;« „r j . B , 

flaccid ( Vp) chlZlv , eXpand8d (V > to 
^-m„ = (4vp)i/3!Ti7 ,i VO [ umes - Accordingly, 

ff WereSon a-nVflacdo^^rumt^tlS ab 81 " 68 
tissue, the -^'S.^aTlS 



Is of h rSh r haVi0r ° f thG ' Un 8 Wnchyma, which 
in of a similar microstructure,- to be «T ( .,= 7KPa at 

W The stress distribution within the nenilp 
Sfure fb) b ° th t0nSi ° n and c -P-sio„ luisses 
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Simulation of Peyronie's plaqu 



es 



A recent statistical analysis of hi™**, 

showed , that the tunica ^neZZZsTto^ 

nies disease contain sienifinntKz ^ Y ^ 

aTaS ° f e,aSUn fi^'^nfhTatence^y 
available experimental data on the mechanic! 

The formation of symmetrical ossification^? tL 
septum for progressing stages of the disease ie when 

X Pl Xe°S? d aP r imat ^ 5 ' S 20 W a h n e 3 
^u/o ot the total tunical cross-sectional area had 

n^"n' n Ulat , ed in 3 P revious w °rk^ (Figure 2 Teft 

was ana^vTetr 6 ? 1 ° f n T Symmet * c o^ificat £ 
^f tho i y , ° r P ,aaues tha » occupied about 10% 

lateral and ventral aspects as well as for a 

tely enveloped right cavprnnl,™ ° r a comple- 

panel) 8 cavernos >™ (Figure 3, left 

In order to obtain a parametric representation nf 
?s of 1 ZT haniCa, ,K effeCtS ° f P^ess^ve Li TfiCro 
of parlme e^'Th 1 ^ 811163, W * exa n»ned two types 
valuT^ i^ 6 fiFS , t ' a ' quantifies the averaged 
tn tL a T echanicaI stresses that are transferred 
to the dorsal nerve roots and blood veSels fZ 
different plaque sizes. Since deforination of thl 
penis during erection varies among the Hi fflr ! 
cases, we defined the average «^2tS I £l£S 



-si 



Model Geometry J Stress Distribution 



Ossification 




^ages: the left one is Z^™^:^ f ° r ° ach of the « a *»" 
the right one is the «?s^S^ ?eornetry ° f the model ««d 
developing during "ST ^ e 1 ulvale "« *«■ distribution 



(2) 




leiTh 1 Tk the Stress values ( j n MPa) along the 
length S. The course of S crosses the dorsal ferve 



Figure 3 Simulation of different ronHiHnnc r 
ossification: (a) dorsaJ olaoue fh f 0 /™* 101 ? 5 of asymmetric 
plaqiu: and W) aitt D £' .f^ < c > ventral 

diagrams are sL/n f^S^S t^eT ^° 
the geometry of the model and the rX i/rhf * ° ne 18 

distribution developing during ereS ^dent stress 
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AGefen era / 

and arteryTaTterm LTng at heaped tJT 1 
cavernosum (Figure 1 b) P 6 cor P us 

-ymmet^oflhe^^ the »«d of 

erection, 7nd is given by " ° f the P6nis durin 8 



'"7 



c — ~ 2.9254, g^=19 087 — 

/= 7 4067. As detailed in Table" 1~ l**' i 3nd , 

Results 



(3) 



2e- ™ h g e h s 2i*-r cavemosai ~ 

asymmetric cross-section n 7 ' S CXpeCted that an 

while the res, of the erect oel V,Cln,t T, ° f the pla « ue - 
responsible for The cunfeH ,S H usua,, y, ^metric - is 
Peyronie's disease ^ an 8 ulat ^ Penis in 



Simulation of surgical interventions 



mec£Tca! 0 s^st a we st, ft*"""*"* ^ate of 
"ons during whS £ ^S^J^ *™» 
was replaced bv the follnwi™ n ^ . 6 s P la que 
grafting (ii) cadaveric 1 tSdf^TT* W Vein 
with glutaraldehyde for ^ K § , ^ ated 

Bffj. S Scaf'stu 8 
oethylene^g g^Kffr 
grafting were assumed to be elastic ™i " i 0rt< ? 
linear stress-deformation relauon of: " WIth 



(4) 



^.SiiS^SeTTS 1 ^ V and * is the 

patches were assumpH \ 1 u m a " d P eri cardium 
elastic ma tei a w X e a d s iffS" 

Mplj^urve^Snt' f' ' ' ^ d ^™ined (in 

^= - 26.396, e= 12.616 /= - 2 3448 ^d f' 
the pericardium. a=/.2821 bi -Lslt 

of Peyronie s plaque ot **" pems following removal 



Pafc/i material 

Vein grafting 
Pericardium 
Skin grafting 
Cortex 

Normal tunica 



Elastic modulus [MPaJ 
(for small deformations) 



0.30 
0.40 
0.50 
2.80 
12.00 



* [KPaJ 

0.13 
0.15 
0.20 
0.25 
0.30 



1.08 
1.06 
1.05 
1.03 
1.00 



Th i.uu 

aibugfn^a^^ 

gm ^emosum, as shown in Figure 5 
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^S^St: s, ? ses for a simu,ated 

symmetric osTficaUo n P fe Pressing stages of 

Figure 2. The stresses were seen ^T" in 

mainly through th/lnfr f ° be transferred 
envelops Ae corona r- mCa albu g in <* that 

skin append to P bea^ a e ^p°a. a ' Z^f P eni,e 
health/^enis, £ stresses * e 
trate on the dor^l ™^ i V ■ snown to concen- 

(Figure lb) In the mode/* ^ ^ ° f the tunica 
Peyronie's o aoue ThZ I Slmulatln g a penis with 

larger a? th^Zsa, XXTfceT' 
tended to expand tn ifj f ^ tumca and also 

the area of' S a Sofi^e^^T^ 
latera aspects stre^J , " „ u Com rarily, in the 
the increase in' ^ WUh 

locaUXsa°,^aS^ 

s^pe S of SrpSS obt ^ ^e^ 

little relation tn iL ? btained d ^ng erection, with 

of the neS elhotiri^ 116 SiZe (FigUre 3) ' In » a tion 
cavernosum £ „i!| SS - Se f 0,lal sha P a of the 
penis yielded a g m 0 rrc rX 10 ^ * ^ 
(Figure lb). FonnatiWa^^etS'SS!;! P , r ° fi,e 
constrained the expansion /fK ,t ° rSal P la que 
ing an erect corporToronle tn° h , Cor P ora -impos- 
e liptic as th P r,la« P r °nte that became closer to 
nvlroif Plaque size increased (Figure 21 Tt!°. 

overall cross-sectional shape of the Denfs L 
remained symmetric becm,^ thT 9 ' howe ver, 
of the plaque Slv 2 , . , Sy ? metric nat ure 
both corpora fi ^ the formation of 
generated expansion nf ? mauMc P^ue was 
the one adjacent to the nl y T® cavernos "nr ( ie 
while the o her caverio. p,at l ue) ' was constrained, 

pTnTs^^ 

thetgio P S the SSlS ^SSET^T 1 * 
thVd^ latSaSr -nSfon ( of 
albuginea is displayed in 3 p Spects of *e tunica 
stresses in the vicin fv nf **, j ,8 f 6 4a ' E, evated 
in the model of f ^^ l ? al tuntol albu «inea 
^•ficantly IncreLlZ^ he' increased 6 S l ° 
of the plaque. The dorsally locked nl»n. Stlffness 
shown to induce the highest sSesses on ?hf H^'? 
nerves and blood vessels A ^ asses . °" the dorsal 
P..que „cc„ pying a S' S ,4 SXtu'^rS 
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Figure 4 Parametric analysis of the biomechanical effects of 
Peyronie's disease: (a) the average stress generated in the region of 
the dorsal nerves and blood vessels (<r) for dorsally , laterally and 
vent rally located plaques (shown in Figure 3a -c) with different 
stiffness characteristics; and (b) the ratio of right-to-left cavemosal 
cross-sectional areas, p, indicating the severity of deformity of the 
penis during erection under the effect of dorsally located plaques 
with different degrees of stiffness and different sizes. Severity of 
the deformity increased as the ratio of cavemosal areas was 
shifted from the normal unity value. TA = tunical area. 



caused the average stresses acting upon the dorsal 
nerve roots and vascular bed to rise by 45%, 
compared to the stress value which resulted from 
the simulation of normal erection. A fully ossified 
lateral plaque was also shown to induce a sub- 
stantial (33%) rise of the dorsal stress level com- 
pared to the normal case. Figure 4b details the extent 
to which different sizes of plaques that were located 
dorsally and asymmetrically in respect to the penile 
septum (as in Figure 3a) caused a distortion in the 
overall cross-sectional geometry of the erect penis, 
depending upon their degree of ossification. These 
results demonstrated that distortion of the overall 
geometry of the erect penis was almost independent 
of the size of the plaque. The ratio of right-to-left 
cavemosal cross-sectional area, p, varied by no more 
than 3% when the plaque size was increased from 5 
to 20% the tunical area. In contrast to the limited 
influence of the plaque size, stiffness of the plaque 
was shown to be a more critical factor in causing 
distortion of the penile erect shape. Local increase 
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Figure 5 Simulation of the stress state and geometry of the cross- 
section of the penis following surgical replacement of the ossified 
Peyronie's plaque with different biological/artificial grafting 
materials: vein, pericardial tissue treated with glutaraldehyde, 
skin, and polymeric polytetrafluoroethylene (Gortex) grafting. 

in stiffness of parts of the dorsal aspect of the tunica, 
by as little as 25% from the normal value, was 
shown to cause a drop of as much as 7- 9% in the 
value of p, indicating a significant distortion in the 
erect penile geometry which may cause angulation 
of the erect penis, as demonstrated in Figure 3a. 

The model was further used to evaluate the 
biomechanical performance of several grafting ma- 
terials as alternatives for the damaged tunica 
aibuginea after Peyronie's plaque removal. The 
comparison between the stress states and deformed 
penile shapes following the insertion of vein, 
pericardium, skin and Gortex grafting materials as 
substitutes for a segment of the dorsal tunica 
aibuginea above the right cavernosum are shown 
in Figure 5. The values of the averaged stress 
transferred to dorsal nerves and blood vessels (a) 
and the ratio of right-to-left cavemosal cross-sec- 
tional areas (p) which were calculated for each patch 
material, are detailed in Table 1. All patches were 
shown to provide adequate biomechanical compat- 
ibility with the penile tissues in terms of the 
parameters a and p. Averaged stress values a did 
not exceed the values predicted for normal erection 
(ie 0.3 KPa) and the cavemosal expandability ratio, 
p % was close to unity for all the cases tested. It is 
evident, however, that as the elastic modulus of the 
patch becomes similar to that of the normal tunica, 
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ie approximately 12MPa, 4 both the stress state and 
the deformed penile shape during erection approach 
the normal condition (Table 1). In light of this 
finding, the Gortex patch, which is stiffer than the 
biological patch materials and provides a more 
similar elastic modulus to that of the tunica (Table 
1), would be expected to provide biomechanical 
compatibility superior to the vein, pericardial and 
skin grafting materials. Yet, the greater biological 
compatibility of the latter materials should also be 
considered. 



Discussion 



The model which was utilized in this study is 
capable of predicting the distribution of stresses 
within the different tissue structures of the penis, 
thereby offering a new perspective on the role of 
biomechanics in the pain and erectile deformities 
observed in patients with Peyronie's disease. The 
model was also used to evaluate the stress transfer 
between the grafting material and penile tissues 
during erection for different patch materials that are 
used for surgical correction. In the healthy penis, 
model simulations have indicated that the dorsal 
aspect of the tunica albuginea carries a significant 
part of the load during erection. 4 Since this site 
contains the tunical nerves and is adjacent to the 
dorsal nerve roots as well" as to the dorsal blood 
vessels, it is especially vulnerable to intensified 
mechanical stresses. This sensitivity is characteris- 
tically augmented in Peyronie's disease, because the 
dorsal part of the tunica is often the site of 
ossification. 12 



Biomechanical consequences of Peyronie's disease 

Peyronie's disease has been characterized by ultra- 
structural changes in the tunica albuginea, and one 
resultant functional abnormality is the loss of 
elasticity. ™ This pathological tissue stiffening leads 
to significantly magnified and unevenly distributed 
stresses in the tunica albuginea of affected indivi- 
duals.* The present model provides a tool for 
predicting the pathological stress distribution with- 
in and around the affected tissue whose simulated 
local stiffness is gradually increased to represent the 
development of ossification. The numerical predic- 
tions show that the healthy tunica albuginea 
sustains an average dorsal stress of 0.3 KPa, while 
the tunica in Peyronie's disease may bear local 
stresses of more than twice this value, depending 
upon the plaque stiffness as well as on its size and 
location (Figures 2, 4, 5a). Although they may be too 
small to cause mechanical failure of the tunica 
albuginea itself, 22 these elevated stresses within the 
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penile tissues of patients with Peyronie's disease are 
transferred to the tunical nerves as well as to the 
adjacent dorsal nerves and blood vessels. The 
intensified mechanical load may irritate the nerves, 
especially near their roots, and impose an abnor- 
mally large pressure on the vascular bed, leading to 
pain from the resultant ischemia. These events are 
likely to cause discomfort or painful erections in the 
early stages of the disease, and may lead to penile 
deformation, erectile insufficiency and/or inability 
to maintain functional erection in the more ad- 
vanced stages. 

Peyronie's plaques which cover only one of the 
corporal bodies (ie asymmetric plaques) may not 
only produce local stress concentrations (Figure 3), 
but may also cause penile deformities during 
erection. We demonstrated that different sizes of 
plaques located asymmetrically with respect to the 
penile axes constrained the expansion of one 
cayernosum but enabled expansion of the other 
(Figure 3). The uneven cavernosal expansion re- 
sulted in asymmetric deformation of the overall 
cross-section of the penis during erection due to the 
non-homogeneous resistance to expansion on the 
part of the surrounding tissue. The severity of the 
deformity was shown to be more dependent on the 
local stiffness characteristics of the forming plaque, 
ie on the level of its fibrosis or ossification, than on 
its size. Fibrosis causing an increase of stiffness that 
exceed the normal value by only 25% was shown to 
induce significant distortion of the penile cross- 
sectional shape during erection, and appeared very 
likely to cause substantial angulation of the erect 
penis (Figure 4b). 

As for the three-dimensional (3D) structural 
effects, it is most likely that the above-described 
mechanism is responsible for the penile deformities 
occurring during erection in patients with Peyro- 
nie's disease. The local distortion caused by an 
irregularly shaped plaque results in curvature or 
torsion deformities of the erect penis, structural 
abnormalities which are very likely to further 
increase the local mechanical stresses acting around 
nerves and blood vessels at the vicinity of the 
plaque. This phenomenon may subsequently inhibit 
the development of a normal, functional erection. 

Knowledge of the mechanism by which the 
plaque develops is a key for accurate characteriza- 
tion of its material properties, which constitute its 
mechanical interaction with the normal penile 
tissues in vivo. For instance, the local alteration in 
collagen within the tunica albuginea through the 
course of the disease can be histologically studied 
using in vitro models, animal models and biopsy 
specimens taken from patients in order to determine 
the non-uniformity in mechanical properties of 
fibrous and ossified tissues, eg the variation in their 
local stiffness. Incorporation of non-homogenous 
plaques with more realistic material properties into 
the present model can be used to numerically 
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simulate the stress state in specific clinical cases, for 
the evaluation of treatment approaches in indivi- 
dual patients. 



Application to surgical treatment planning 

The surgical approaches for rehabilitation of erectile 
dysfunction in patients with Peyronie's disease 
often involve replacement of the ossified tissue with 
a natural or artificial patch in order to reconstruct 
the penis. Evaluation of the mechanical stress 
interaction between the graft material and the 
surrounding tissues showed that Gortex provides 
the best results from a biomechanical perspective, 
by yielding a level of stiffness that most closely 
approach that of the natural tunica, and, thereby, 
inducing a stress-deformation behavior of the penis 
which most successfully mimicked the normal 
condition (Table 1). The clinical overall success 
rate for this patch type is reported to be approxi- 
mately 70%, with infection being the most signifi- 
cant postoperative complication. 23 - 24 Biological 
materials, such as venous grafts, are reported to 
produce somewhat higher success rates, ranging 
from 80 to 90%, most likely due to the milder 
inflammatory response that they induce. 3 The 
optimal surgical approach and selection of patch 
material should be patient-specific and consider the 
effects on penile rigidity, degree of curvature, shaft 
narrowing and erectile response. 

The asymmetry parameter p (Equation 3) provides 
a practical measure of the severity of the penile 
deformity pre- and post-treatment. Ideally, in the 
normal, healthy penis, the ratio of cavernosal areas 
during erection p should equal 'one', but if, for 
example, the right cavernosal body is constrained by 
the presence of a plaque which limits its expansion 
during erection, the value of p drops. If a patch with 
reduced stiffness is surgically inserted to replace the 
plaque, the value of p may rise again and even 
exceed 'one' when the patch material is more 
complaint than the natural tunical tissue. The 
magnitude p thereby emerges as a useful dimension- 
less indicator of the severity of deformity, and may 
also be clinically measured through ultrasound 
imaging. 

In conclusion, our model demonstrated that 
ossification of the dorsal, middle and lateral parts 
of the tunica albuginea induces intensified stresses 
that may irritate nerves and/or cause vasopathology, 
leading to loss of capability to achieve or maintain a 
functional erection. The computational simulations 
further predict that severe penile deformity during 
erection can also be expected to develop in cases of 
asymmetric plaques. Analysis of several grafting 
materials for surgical correction of the penile 
deformity caused by Peyronie's plaque demon- 
strated that Gortex provides the best biomechanical 



compatibility. Finally, the present study demon- 
strated the potential of computational modeling in 
analysis of the realistic structural behavior of the 
human penis. The modeling approach may provide 
the means to greatly enhance clinical decision- 
making, by simulating the biomechanical conse- 
quences of complex surgical reconstructions and 
other procedures for treating Peyronie's disease. 
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